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1.0 INTRODUCTION

This document summarizes the work performed by Delta

Information Systems, Inc. for the Office of Technology and

Standards of the National Communications System, an organi-

zation of the U. S. Government, under Contract DCAl00-80-M-

0233. The Office of Technology and Standards, headed by

National Communications System Assistant Manager Marshall L.

Cain, is responsible for the managemene of the Federal Tele-

communications Standards Program, which develops telecom-

munication standards whose use is mandatory by all Federal

agencies.

The CCITT has defined Group 3 facsimile apparatus as

that which digitally transmits an ISO A4 document over a

switched telephone circuit in approximately one minute.

Data compression is employed to achieve the reduced transmission

time. Study Group XIV of the CCITT has drafted Recommendation

T.4 (Reference 1) to achieve compatibility between Group 3

facsimile devices. The standard data compression technique

specified by T.4 is a one-dimensional coding scheme in which

run lengths are encoded using a Modified Huffman Code (MHC).

The recommendation also includes an optional two-dimensional

compression technique known as the Modified READ code (MRC).

R. Hunter and H. Robinson (Reference 2) describe these two

coding techniques in detail and provide data on the compression

ratio for the eight standard CCITT test documents.

It is recognized that the switched telephone network

is prone to error when transmitting digital data at the standard

T.4 data rate of 4800 bits/sec. It is also well known that the
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Group 3 facsimile signal is highly redundant in spite of the

fact that the MHC or MRC source coding is used. The facsimile

receiver can use this redundancy to detect the occurrence

of a transmission error with a high degree of reliability.

It is also possible to "process" the received facsimile signal

to minimize the subjective effect of a transmission error.

The purpose of this study is to evaluate the relative effec-

tiveness of four different "error processing techniques"

for the Modified READ code. The four different techniques

which are investigated are listed below in order of increasing

complexity of implementaiton.

o Print White (PW)

o Print Previous Line (PPL)

o Print Previous Line/White (PLW)

o Normal Decode/Previous Line (NDPL)

The analysis is performed by means of computer simulation.

A computer program was written in Fortran IV language to

simulate the four error processing techniques. A total of 72

computer runs were performed at different combinations of

CCITT test document, vertical resolution, K-factor and source

of transmission errors.

The performance of the four candidate techniques is

measured by both objective and subjective procedures. The

quantitative analysis is accomplished using the Error Sensitivty

Factor (ESF) which represents the average number of incorrect

pels in the output document caused by a transmission error.

The subjective analysis is based upon viewing actual error-

contaminiated images generated in the simulation process.
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The quantitative performance of the Print White technique was

found to be significantly poorer than the other three. The

ESF of the PW, under the conditions analyzed, was found to

be 56.3, while the average of the other three is 46.1. The

error performance of the PLW approach was found to be subjectively

superior to the Print White technique and comparable to the

Previous Line technique. The NDPL has superior legibility

and shows promise for improved overall error performance.

Sections 2.0, 3.0 and 4.0, listed below, describe the

simulation process which was employed on the study.

2.0 Measurement Parameters

3.0 The Simulation Process

4.0 Error Detection and Correction Procedure

The four alternative processing techniques are described in

Section 5.0. The computer program including the detailed

list of coded instruction is provided in Section 6.0. Finally

the test results are presented in Section 7.0.
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2.0 MEASUREMENT PARAMETERS

Five system parameters were varied during the

measurement program -- test documents, vertical resolution,

K-factor, source of transmission errors, and error processing

technique. Each of these parameters is reviewed in the dis-

cussion below, and the Error Sensitivity Factor is defined.

Test Documents - The test documents were chosen from

the eight CCITT standard test documents (see Figure 2-1)

since they have been widely used by data compression

experimenters in the past. Documents 1 (British business

letter), 4 (French text), and 5 (text with figures) were

selected for use on this program since these were considered

most representative of documents to be transmitted. The

French PTT Administration has scanned the eight CCITT docu-

ments at the high resolution specified for Group 3 machines

(7.7 lines/mm), quantized each pel to be either black or white,

and stored the resultant image on magnetic tape. This tape

was used as the source of input documents in this measurement

program.

Vertical Resolution - Measurements were performed at

both the standard vertical resolution (3.85 lines/mm) and

high resolution (7.7 lines/mm). To simulate the standard

resolution case, only odd scan lines were used. The horizontal

resolution was held constant at 7.7 lines/mm for all tests.

K-factor - The MRC requires the occasional transmission

of a line using the MHC code to avoid the vertical propaga-

tion of transmission errors. A K-factor of 4 means that

every fourth line uses the MHC code. Whenever a one-dimensaional
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line is transmitted, a new group if K-i two-dimensionally

coded lines would typically follow.

The K-factor is set at 2 for a vertical resolution

of 3.85 lines/mm, and at 4 for a resoultion 7.7 lines/mm.

Source of Transmission Errors - The Federal Republic

of Germany recorded bit errors resulting from digital trans-

mission at 4800 bits/sec, using a V27 ter modem, over an

actual swtiched telephone network. Four different files

are available on an error tape corresponding to four totally

different error conditions of the telephone network. Error

file number 1 is the baseline condition, but measurements were

performed using all four files.

Error Processing Techniques - The Modified Read Code (MRC)

requires the transmission of an End of Line (EOL) code between

each scan line. This EOL code is redundant data and can be

used by the receiver to detect the occurrence of a transmission

error. When an error is detected it is possible to perform

an "error processing" procedure on the received facsimile data

to minimize the subjective effect of the error. In this study

four different error processing techniques were analyzed

- Print White

- Print Previous Line

- Print Previous Line/White

- Normal Decode/Previous Line

Error Sensitivity Factor (ESF) - An objective measure

of error sensitivity is obtained by encoding the test documents

with the proposed techniques (all overhead bits are included),

subjecting the resulting bit stream to transmission errors,

2-3



decoding the transmission to obtain the received image, and

comparing the original image with the received image to determine

the number of pels in error. The Error Sensitivity Factor (ESF)

is calculated as the total number of document pels in error

divided by the total number of transmission bits that are in

error. In this way, the ESF represents the average disturbance

to the output image caused by a single transmission error.
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3.0 THE SIMULATION PROCESS

The measurement process was performed by means of computer

simulation using the Hybrid Computer Facility at the Defense

Communication Engineering Center in Reston, Virginia. Programs

were written in standard Fortran IV language. Detailed program

flowcharts and annotated code listings are included in References

3,4, and 5. Figure 3-1 is a flow diagram illustrating the

overall simulation process. There are two input data sets to

each simulation which originate on magnetic tape. One tape,

supplied by the French PTT Administration, contains all eight

of the CCITT test documents. The other tape, supplied by the

Federal Republic of Geramny, contains transmission error data

from actual switched telephone circuits.

The first step in the simulation process is the "ENCODE"

function. This function detects color changes in the input

data and constructs the appropriate code word by table look-up

or algorithm. The actual code is fed to the error corrupt unit,

while the number of code bits is accumulated with fill and EOL

codes to provide the output total number of data bits.

The error corruption step combines the transmission error

data with the encoded data. At each point in the image where

an error occurs the corresponding bit in the encoded signal is

reversed and fed to the decode function. The decoder basically

performs the inverse function of the encoder, generating a

series of lines of image pels. The DECODE subroutine contains

the error processing functions which is the primary subject

of this study. There are two parts of the decoding function
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I
which are not obvious and require clarification: (1) what the

decoder does when an error occurs (2) what the decoder does

when a line is missing. The operation of the decoder under

these two conditions is described in Section 4.0.

The output of the Decode function feeds a subtraction

function which compares the decoded image with the original

image. Pels which are in error are counted by the "ERROR

MEASUREMENT" subroutine. This subroutine also counts the number

of transmission error bits which corrupted the encode signal.

Finally, the ESF is computed by dividing the number of incorrect

pels by the number of transmitted bits in error.
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4.0 ERROR DETECTION/PROCESSING PROCEDURE

It is recognized that the facsimile receiver can usually

detect the occurrence of a transmission error, and process

the received video signal to minimize the subjective effect

of the error on the image. The following error checking and

processing procedure was specified by the CCITT for testing

two-dimensioanl coding techniques such as the MRC:

1) Error checking - If decoded signals are not

exactly 1728 pels/line, the line is recognized as

an errorneous line.

2) Error processing - The erroneous line is replaced

by the previous line and following lines are

replaced by white lines until a one-dimensional

coding line is correctly decoded.

The error detection and correction procedures used in

this simulation follow the spirit, it not the letter of this

directive. The error checking was expanded to include the

detection of any condition that could not possibly occur in a

correctly received transmission. Some examples of possible

error conditions are:

o EOL* occurs before 1728 pels have been written

o More than 1728 pels have been written before EOL

is received

o No word in applicable code table matches received

bit pattern

o Current line decoding references a run that does

not exist in the previous line

* End of Line Synchronization Signal
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o Pels are written to the left of the first pel on

the line

Upon detection of an error condition, the decoder attempts

to resynchronize by searching for the next unique Line Synchro-

nization Signal (LSS). The state diagram for error recovery

is shown in Figure 4-1.

Because of transmission errors, some of the original

image lines may be missing in the output, or additional lines

may be in the output that were not in the original image. In

order that a missing or extra line not have an undue influence

on the ESF, it is important that the original and received

images not get permanently out of line alignment when they

are compared to determine the number of pel errors. To this

end, each of the lines in the original image is assigned a serial

line number, and this number continues to be associated with

the same line in the received image. If a transmitted line

is dropped, due to the loss of an EOL, then its line number will

be missing in the output. On the other hand, if a line is

broken into two or more lines in the received image, due to

false EOL's, then its line number will appear more than once

in the output.

If no lines are dropped or added, the line numbers of the

original and received lines that are compared to detect pel

errors will be equal. When a line is added or deleted, the line

numbers of the compared lines will become unequal. When this

occurs for the first time, the two lines with different line

numbers are compared to determine the number of pel errors, which

4-2



II

441
z

z

200

C)

4-34



is added to the pel error total. Then instead of proceeding to

the next line in both the original and received images, the

next line is used in only one of the images, with the previous

line being used in the other image. The line is advanced only

in that image that has the smaller line number, so as to tend

to make the line numbers of the two images more equal. This

continues until the line numbers are equal, after which the

next line is used in both images, until another inequality is

detected. This procedure provides a proper penalty for a

missing or added line, but prevents this type of error from

causing pel errors over the entire image below the place where

it occurred.
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5.0 DESCRIPTION OF THE ALTERNATIVE ERROR PROCESSING TECHNIQUES

The four alternative error processing techniques, which

have been analyzed, are described below. They are listed in

order of increasing complexity. In all cases the criteria for

occurrence of the first erroneous line conforms to that described

in Section 4.0.

o PRINT WHITE (PW) - The first erroneous line is printed

white, and all subsequent lines are printed white

until a one-dimensional MHC line is correctly received.

o PRINT PREVIOUS LINES (P L) - The first erroneous line

(x) is replaced by t h pre ,ious correctly received

line (x-l), and all j. 'L:equent lines are replaced by

x-l until a one-dimensional MHC line is correctly

received.

o PRINT PREVIOUS LINES/WHITE (PLW) - This processing tech-

nique is a combination of the previous two. The first

erroneous line (x) is replaced by the previous correctly

received line (x-l), and all subsequent lines are printed

white until a one-dimensional MHC line is correctly

received.

o NORMAL DECODE/PREVIOUS LINE (NDPL) - In this case the

first erroneous line is decoded, and printed, in the

normal MHC or MRC manner, up to the point in the line

where the error is detected. From this point on the

remainder of the first erroneous line is replaced by

the corresponding pels in the "previous line". The

resultant "corrected" line is then used as a new

reference "previous line", and the process is repeated
5-1 I



until a MHC line is correctly decoded. This error

processing technique should be particularly advantageous

in those instances where a transmission error occurs

near the end (right hand side of the page) of a

scan line period. When this occurs it should be

possible to correctly decode most of the scan line

which was "hit" as well as most of the subsequent

scan lines before a correct MHC line is received.
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6.0 THE COMPUTER PROGRAM

6.1 Program Structure

The following section describes the structure of

the computer program written to simulate the Modified

READ code. The program conforms to the general structure

shown in Figure 6-1 which illustrates the hierarchy

of the functions/subroutines that make up the simulation

program. A brief description of each of the functions/

subroutines follows:

MODREAD

The MODREAD program controls the decoding process and

the error recovery procedure for getting back in sync

when an error is detected. As can be seen from Figure

6-1, the simulation process if "decode driven;" that is,

the main program controls the decode process which

decodes a buffered line of compressed data. When the

contents of the buffer have been used up, a new line of

data is encoded. The MODREAD program also controls

parameter input, measurement of errors, and. reports

computed results. Since the error processing function is

contained in this MODREAD program virtually all of the

software effort on this project was directed toward a

modification of MODREAD. The code listing for the new

version of the MODREAD program is provided in Section

6.2.

GETLE

The GETLE subroutine retrieves a number of requested

bits from the coded line and delivers the bits packed

6-1
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into a word (right justified). End-of-life codes (EOL)

are detected. If the number of coded bits requested by

the calling program is not available, the ENCDE subroutine

is called to provide them.

ENCDE

This subroutine supplies a line of compressed data.

Color transitions on an input line are detected bit-by-

bit. Both one-dimensional and two-dimensional lines are

encoded depending on the parameter K. The code word is

generated by table look-up, or algorithm, as appropriate,

and added to the coded line buffer via CODELN and/or

CODENG.

CODELN

The subroutine CODELN is called by ENCDE to look up

the Modified Huffman Code (MHC) corresponding to a given

run length and color, and add the code word to the

coded line buffer.

COENG

The subroutine CODENG performs a similar function for

the two-dimensional case. Based on a particular feature,

the appropriate code word is generated by table look-

up or algorithm and added to the coded line buffer. All

code tables for both one-dimensional and two-dimensational

codes are stored in labelled common which is initialized

by a BLOCK DATA subprogram.

ONEENG

The ONEENG subroutine decodes the MHC. It extracts

a set of n bits (n=3 initially) from the coded line and

6-3

5.t



looks for a match with all code words of length n,

increasing n until a match is found or the code table

is exhausted. When and if a match is found, the indicated

bits are constructed on the output line. Any errors

detected in the decoding process, such as no match to

code table, or line too long, are flagged.

TWOENG

This subroutine performs the same function as

ONEENG for the two-dimensional line.

MI2B and 14B

The subprograms MI2B and 14B are used to pack and

unpack a set of bits into (or from) an array of words.

6.2 Code Listing for the Modified MODREAD Program

The code listing for the MODREAD program which has been

modified to include the four error processing techniques

is provided in pages 6-5 through 6-13.
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7.0 TEST RESULTS

The effectiveness of the four error processing techniques,

described in Section 5.0, were analyzed both objectively and

subjectively. Section 7.1 describes the test results derived

from the quantitiative analysis, while Section 7.2 contains

the test results based upon the subjective analysis of actual

test images.

7.1 Quantitative Test Results--Error Sensitivity Factor

Eighteen computer runs were made for each of the four

MRC error processing techniques defined in Section 5.0 for

a total of seventy-two measurements. The Error Sensitivity

Factor was measured for each test, and the results are

tabulated in Table 7-1. Tests were performed on CCITT

documents 1,4, and 5 at both standard and high resolution.

The K-factor was set at 2 and 3 for standard resolution,

and at 4 and 6 for high resolution.

In most tests the baseline error file number 1 was

used. In the case of CCITT image number 1 at standard

resolution, the ESF, at a K-factor of 2 was found to be

typically greater than for a K-factor of 3. This anomoly

is apparently due to the relatively few bits in document

number 1 at standard resolution. As a result, the number

of error burst "hits" are relatively few, and there is

ample opportunity for the occurrence of unlikely data.

To generate additional independent data the tests were

repeated for error files 2, 3, and 4. The averages for

all four error files are snown in Table 7-1.
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TABLE 7-1
ERROR SENSITIVITY TEST RESULTS

FOR THE MODIFIED READ CODE

1 2 3 4
PRINT PREVIOUS NORMAL

CCITT K ERROR P RINT PREVIOUS LINE/ DECODE/
IMAGE RESOL. FACTOR FILE WHITE LINE WHITE PREVIOUS

LINE

1 26.20 17.34 20.6 28.67

2 15.13 9.2 14.19 11.4

2 3 1.2 1.2 1.2 1.32

4 8.77 15.96 7.5 11.86

AVG 12.82 10.92 10.87 13.31

STD 1 15.41 18.19 13.07 14.12

2 15.25 18.95 13.90 12.83

3 3 7.2 6.07 6.18 4.58

4 17.28 15.58 14.3 13.38

AVG 13.78 12.20 11.86 11.24

4 1 67.41 47.37 55.15 52.62
HIGH . . .

6 1 84.55 66.06 73.75 66.06

2 1 53.47 40.97 45.24 32.49
STD...

3 1 47.73 74.17 46.99 41.22
4

4 1 69.15 57.08 58.70 66.23HIGH .. .

6 1 97.64 77.42 86.65 70.66

2 1 42.42 22.03 32.68 23.81
STD

3 1 40.58 36.31 34.19 30.82

4 1 63.08 43.24 51.62 44.92

HIGH 6 1 83.35 49.91 69.24 90.50
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Table 7-2 is a summary of the error sensitivity test

results for the Modified READ Code. In the first level

of consolidation the data for the three CCITT documents

are averaged. Finally all data is averaged to obtain

an ESF figure representative of each of the four processing

alternatives. In general the ESF of the Print White

processing technique is significantly poorer than that

of the other three alternatives.

7.2 Subjective Test Results

The Error Sensitivity Factor is a valuable measure

of the sensitivity of an image coding/processing technique

to transmission errors. However, it is also desirable

to subjectively examine the output image, contaminated

with errors, to determine the actual visual sensitivity

to the errors. Ten output documents are included in

Figure 7-1 through 7-10 for this purpose. CCITT test

document number 4 is the only image which was analyzed

subjectively and error file number one was used or all

ten images. The test conditions for each figure

are listed below.

VERTICAL ERROR
RESOLUTION PROCESSING

FIGURE NO. LINES/mm K-FACTOR TECHNIQUES

7-1 7.7 4 PW
7-2 7.7 4 PPL
7-3 7.7 4 PLW
7-4 7.7 4 NDPL
7-5 3.85 2 PW
7-6 3.85 2 PPL
7-7 3.85 2 PLW

7-8 3.85 2 NDPL
7-9 7.7 6 PLW
7-10 3.85 3 PLW
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TABLE 7-2

SUMMARY OF ERROR SENSITIVITY TEST
RESULTS FOR THE MODIFIED READ CODE

PRINT PREVIOUS
K PRINT PREVIOUS LINE/ NORMAL

RESOL. FACTOR WHITE LINE WHITE DECODE

2 36.24 24.64 29.60 23.20

STD.

3 34.03 40.89 31.01 27.76

4 66.55 49.23 55.16 54.49

HIGH -

6 88.51 64.46 76.55 75.74

AVERAGE 56.33 44.80 48.08 45.32
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It is instructive to evaluate the relative

effectiveness of the four candidate error processing

techniques in the high resolution mode by visually

comparing figures 7-1, 7-2, 7-3, and 7-4. Note the

slight, but definite, improvement in legibility/.quality

of PLW (Figure 7-3) relative to PW (Figure 7-1).

This is caused by the use of the previous line for the

first erroneous line, which is obviously a superior

substitution over all white. This improvement is

supported by the ESF test results where the ESF for the

PLW and PW techniques is 58.70 and 69.15 respectively.

Next compare PPL (Figure 7-2) to PLW (Figure 7-3). The

point may be made that the "quality" of PPL is superior

to that of PLW since the appearance of error streaks

has been greatly reduced. On the other hand, the

"quality" in particular areas such as the tenth and

fifteenth lines of text has been reduced due to the

creation of new error artifacts. Further,it is not

at all clear that the legibility of the text has been

improved by the multiple repetition of the previous

correct line in PPL. In general it would appear that

the human observer could read the text better with the

PLW technique.

The NDPL technique (Figure 7-3) shows a marked

improvement in "legibility" relative to the other

processing techniques. This is most striking when

one compares the seventh line of text from the bottom of

the page for the PLW and NDPL techniques. Although the
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"legibility" has improved significantly, the black

streaks have a negative impact of the image "quality".

However, it is likely that the NDPL algorithm could be

modified to greatly reduce the incidence of these

black streaks. The results would be a processing

technique which is clearly superior to all others in

both legibility and quality.
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20 r~gions. Des calculateurs ont 40ti mplaztds does pass# au moins does toutes lea plus
importantm. Ontrouve ainsi den machines Bull Gamma 30 & Lyon et Marsejille. des GE 425
A LI*I. Bordeaux. Toulouse et Montpellier, ian GE 437 A Massly. enfin quoiques machines
Bull 300 TI & programmes c~bl~s ftalent rdcemment ou mont encore en service does lea
rdgionae Nancy. Nantes, Limoges, Poitiers et Rouen ; ce parc cit easentioemrent utillsk
pour I& comptabilitt tdldphonlque.
AlIavenir, si11* plupart des fichiors ndcessaires au: applications decrites plus haut peuvent
Stre gdrfs en temps diffdrO, ian certain nombre dlentre eux devront nicessairemnt tire ac -
cossibles, voire min & jour en temps r~el :parani ces dernierm le fichier commercial des
aborinds. Ie fichier des reiaeeignements. Ie fichier des circuits, Ie fichier technique des
ahumniss rnniirndrnntii. qdem amn$!'As gnnnahIrithla A'intnrmauinn.

tiers des doundes saront concerndes par des traitemants en temps r~el.
Aucun des calcialateurs Ewumdrds plus haut no permettait dlenvisager dc tels traltements.
L'intdgratlon progressive do toutes lea applications suppose la cr~ation d'un support commun
pour tout** les informations, une vtritable "Banque do dones". repartic sur des moyens
detraitement nationaux et rdgionaux. et qul devra rester alimentee, miss A jour en perma-
nence, A pertir do Ia base do Ilntrepriso, cleat-&-dire les chantiers, les magasins. les
guichots des services d'abonnoent, lea services die personnel etc.

uu *you.wtnhuuormatu. L.-ooigation at aie appeA a ass oroanateurs as troisieme generation.
Iris pusengset1dot~s dovolumineuses mdmoires do masse, a conduit i en reduire substan-

L'implantation do sept centres do calcul interrt-gionaux constituera un compromis entre
d'une part le ddsir do rdduire I* coOt 6conomique do Ilnscnible, de faciliter )a coordination
des dqulpes d'informaticiens; et d'eutre part Ie refus de creer des centres trop importants
44POS-0 -~. A A .. a .. 4. .* C ' -*-- -

mont des traltements relatifs A plusiours r~gions sur chacun de ces sept centres permettra
do lour donner un* taill. relativement homogfne. Cheque centre "44rera' environ un 11.1-
lion dlabonnts A la fin dua VI*,ne Plan.
Larmisc on place de coo centres a ddbut# au debut de l'annte :9-, un ordinateur 1RIS ')0 do
Ia Compagni. Enter..ationale pour Ilinformatique a it install(- A Toulouse en f6vrier la
mndmo machine vient d'Stre miss on service au centre do calcul interrigional de Bordeaux.

Figure7-3 Previous Line/White (7.7 li/mm)
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L'o9rdro do lancement ot de rtalisation den applications fatt l'ahjltg 4'cihions au olus haut
niveau do I& Direction Generale des Tdldcommunications. U nlest certes pas question do
construire ce oystbme lnttgrd "on blot" mais bien au contraire de proc~der par #tape a, par
pallors successifs. Certaines applications. dont Ia rentabilitd no pourra etw, aiuwrO, n2
"ent pas entreprises. Actuollement. sur trente applications qui ont pa etre globaemont
definite. aieon sont au stade do lexploitatiou. six autres se sont vii donner Ia prioritt pour
lour rtalisation.
Chaque application eat confide A ui "chef do projet", responsable succesuivement do a
coflcwpttiin. deo anodi~yse-programmrfatiul' a' deba is~st Letlvav all Aa. As cwas-Iywtv.

La-ghurk1izatinm. i~~re're de .Pan"Itcatiop rdsliade dans cette rduion-oilote dfoond des
rasultate obtenus et feit I'objet d'une d~cision do In Direction Gdntral.. Neanmoina. 1.
chef do projet dolt des Is d~part considtrer quo son activit6 a uno vocation nationals doakc
refuser tout particularisrne rtgional. 11 eat aid# d'uno Equips d'analyatoo-pragremmeure
et entourd d'un "groups do conception" chargd do rddiger to document do "d~finition des
objectifs globaux" is I* 2'ahier dos charges" do Ilaoolication . oui eont adresudauCour avisf
a tous Ios services utilisateura potentielsa t aux chets de projet des autres appiiU~ttb.
Le groups de conception comprend 6 1 10 personnes reprhsentant lea .enviices lea piatA.
divers concernts par Is projet,et comporte obligatoirement un bon analysts attach6 it lap-
plication.

11 - L'IMPLANTATIO4 GEOGRAPHIQUE D'UN RESEAU INFORMATIQUE PERFORN4'

Lorganiwaiiun %il i?.nirspriss irwiliaism ties Wiievommunicatiions repo"e our I exsec d
20 rtgions. Des calculateure ont #t# implantta dans 1. pass# au moims dens toutes lea plus
Importantes. Ontrouve ainai des machines Bull Gamma 30 & Lyon et Marseille. des GE 425
& Liii.. Bordeaux. Toulouse et Montpellier. un GE 437 1 Massy, enfin quoiques machines
Bulfl 300 T1 It programmes cablds dtatent ricemment ou sont encore on service dan@ lea
r~gions do Nancy, Nantes, Limnoges, Poitiers et Rouen ; ce parc eat ossentieliement utilisd
pour Is ComptablItH tdldphonique.
Al'avenir, sal plupart des fichiors ndcossaires aux applications d~crites plus haut peuvent
Otre gdris an temps diff~, un certain nombre dlentre eux dovront ndcessairernent etre ac-
ceasibles, voire mis A lour en tempo r~el : parmi o derniers Is fichier commercial des
abosmde, It fichier des reiwseignements. 10 fichier des circuits, It tichitr technique des
abonnds contlenr-n Jaw mianti1*6. gair~phipu i'trimpto P
Lo vo~lume total do caeties & 86rer an phae fin.1s us-" Us u, uuus- as&-ultwHIMv
quelques1WiU)0 &o g A At+ A.. sn% IlI
tiers dos doandoe seront concorn~es par des tralteonts on tempa r~el.
Aucun des calculateura dnumdr~s plus haut no permettait dlenvisager do tel. traitements.
Lint~gration progressive do toute les applications suppose Ia crdation d'un support commun
pour toutev lea informations, u:e v~ritable "Danque do donnos", repartio sur des moyens
do traitemont nationaux ot rdgionaux. et qui devra roster alimontdo, mice ;k lour en perma-
nonce, & partir do La base do Ilentreprise, coest-&-dire lts chantiers, lea magasina, lea
guicheta des services d'abonnement, Its services do personnel etc.
L16tude des d1ffdrent 1.zhaca a constit~wr a danc. p~arm11a da "**-t fla

du system@ informatil. 1. ouligaIion us 13111 appel a Call oruinateurs of troisieme generation,
trts pulanantst dot#9 de volumineuses m~moires do masse, a conduit A en r~duire substan-
tiellcmrnnt 1z . . ..........
L'implantation do Sept centres do calcul interrtgionaux constituera un compromis entre
dune parttW ddsir do r~duire 1t co~t 6conomique do i'ensemble, do faciliter Ia coordination
des 6quipes d'inforniaticiens; et d'autre part I0 refus do crt~er des centres trop imvportants
difflciles A gerer et A dirigor,et posant des probIbmes d~licate do sz.. ito. 6e2e. ap
moant des traitements relatifa A plusiours regions sur chacun de corn Sept centres perniettre
do lour donner une taille relativement homogine. Chaque centre 'g~rera" environ un mil-
lion dabofnds A Is fin du Vi~me Plan.
Lamiseeon place d. coo centres a dtbut# au d~but do 1'ann~e 197) un ordinateur IRIS )O de
Is Compagnie Internationale pour 1'Informatique a #t# instaIle' A Toulouse en f~vrier . Ia
MOM machine vient diOtre miss en service au centre do calcul interregional do Bordeaux.
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T'Inrdro do lancement et do rhaliuatlon des applications fait 11obtet do d~cisions au plus haut
niveau do Is, Direction G~tn~ralo des T6l6commwiications. 11 nlest certes pan question do

00%M~ivd.a * evt j int.t gWA 'I&,. "a h~te mn Man aii -g%"f,'ra A&. n,.t-Ador nor Atorsoo nar

pallors succeuults. Cortaines applications, dont U. rtatabilitd no pourra Oitre asur#*, at
seront pas entreprises. ActueUement. sur trente applications qui ont Pu etre globalement
d~fintie. six en sont au stade de l'exploitation. sixi autres se sont viu donnor Is prioritd pour
leur r6alisation.
Chaque application eat conf l~e A un "chef doe projet". responsable successivemeflt de sa
concepionl. de son analyst -progaraaiiwss wi tic b" ias$ wi cuviac uww" wic A-141QiS-PiluiC.
La ghndralisation ulthrioure do l'application rhlisef dons cetto regioui-pilote d6pend des
ritsultats obtenuo et fait lobjet d'une d~kcision de la Direction Gdn~rale. Nhanmolns. le
chef de projet dolt tits Is d~part considhrer quo son activit.6 a unt vocation nationale done
refuser tout particularisme r~gional. 11 tat aid# d'une equipe d'analystes-programmours
et entoaurd d'un "grcmipe do conca'ptioi" irtharvt* do r#-dger to dnecument de "d~finition des
objectifs Clobaux" pule 1o "cahior des charges", de l'application, qui sont adrosets pour evis
A tous Ion services utiliosteurs potentiels *t aux chefs de projet des autres applications.
T #4% ^^aamt4n. ^^,,.,,.4 9 a In A nrartnnoe ,eswAaantot o l aqrie-IR Ion nlift

divers concernds par lo projot,et comporte obligatoirement up bon analyste attachk A lasp-
plicatlon.

U - L'IMPLANTATION GSOCRAPHIQUE 0'UN RESEAU INFORMATIQUE PERFORMANT

L'organisation do 1'oitroprlso frangaiso des t6llcomnmunications repose sur l'exiotonce do
20 r~gions. Des calculatetars ont 6 implant~ts done It pass# au mains dans toutes les plus
iMV~ mnaf*nae b tot% .404 AM. Mft^%4V6M. D,.iiIv n ?Ql 1 Lyin lezE.*a1 CE. !25

ALiII. 1Anrestan Tmnnmh at Mnntnilior. ion frP 43V7 A Maoxv. anti"A ,uaul,,n.. nua.hino.

BUll 300 T1 A opromnis c~b4As Atatent risromment nu anrnt *nrnrp an' norvirce done Too

pour Is, cornptabUlito tflhphonique,
Al'avenir, ails pluport des fichiers n~cessaires aux applications dhcrites plus haut peuvent

Siejr e~oa~sdut'fr4. wit ' irtihllim.11 11169944 '.iuXi 46-1-IS duiSU £L1aillfleiiir u-
coselbies. voire mix & )our on temp. reel :parmi coo det-niors le fichier commercial des
abonnds, I* fichior des reowsmlgnemonts, 1. flchier des circuits, le fichier technique dos
abonnho contlendront des quantitto considhrables d 'informations.
LO volumeO total do caractbr'es At ghrer on phase finale our un ordinateur ayant enl charge
qusiqia.. 500 000 abonn~s a 4tt otime At un miliard de caract~res au moins. Au moins It
t1iii dtii d(Muuuliel ioaruSii tcusmsiaii Paat palu Lraiiitnvati wil ivauapa I-M1
Aucan des calculateurs Enumdrhs plus haut no poranezzait d'envisager de tels traitements.
L'inthgration progressi.v ... Loutes Ien &pplictiojso suppose Ia crkation d'un support commun
pour toutes lox informiation*, une vdritable "Banque do donnfes". rhpartie stir des moyefls
do trait. mont nationauai et repionaux. et qui devra roster alimentoe mise A jour en perma-
nence, & psi-tir do Ia base do 1'enraiprise, c'est-&-dire les chantiers, leg magasins. leg
guichet. den services d'abonrtement, lee worvices de personnel etc.
L16tude des diffdrents fichiers i constituer a donc per .ris do ditrinir leg principales carac-
tdristiques du roseau.-'ordinateirs nouveaux ti Mettre en place pour aborder la r~allsation
du systome informatif. L'obligation do faire appol A des ordinateurs i e trojsii~me Cenhration.
tresPuissantsetdotLsdevolumineusos mhmoires de masse. a (.onduit A en roduire substan-
t~flloment 1. nombro.
L'Implantation de sept centres do calcul interrt-gtonaux coflstituera un coriprornis entre
J'une part!* d~sir do rosduire to coat 6conomique de Vensemble. de faciliter I'a .oenr'intatir
(ion 6quipes d'informaticiens, et d'autre part Ie refus de cr~er des oentre!s tr-op inoportints
diff~cties A Sorer %It A dirigor;et pboant des problanies 1011rats de s~cur~t(-. Le' regrotape.
ment fies traitements relatits 4 plusiours r~igions Mtir chaciin de ces sept centrres perm'ettra
do Isur dOener une taile relativement homogetne. Chaque centre g(rera' nu. j."i.~.---

Lis e ssim i uisuv v ums va i ~vbI. a 6ibut6 au debut de 1 '.nnii-r ti n nr..mi'wir i i
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1'nrdto de lancement et do realluation des applications fait Ilobjet de decisions au plus haut
niveati de I& Direction Generals des T616comrnunications. LI West certes pas question do
rnnitridrg re systlmC intigrii "e'n hint-" mein Mlen sit rnntrafre de~ rrnrft7or nrr FMsptrA Dar
palter&s uccesulla. Certaines applications. dont la rentabilitai no pourra etre aisur6e, i
seront pas entreprise4. Actueflernont, sur trente applications qui ont pti etre globalement
dalflntes, six en sent au stade de Ilexploitation, six autres se sent vu donner Ia priorit pour
lour r4allssiien.
Chaque application eat contie A un "chef de projet", responsable successivement de 88
conception, do son analybe -program mttu Wi tot j%; tou mh1v CA$ CUVAV JWsw tut: Asgva-dit.
La g~nidralisation ultdrtoure do 1'application r~alisto dans cette rdgion-pilote d~apend des
ritsultatu obtenus et fait Ilobjet dune d~cision de l~a Direction Geherale. N~anmoins, le
chef do projest dolt d~s le do.part consid~rer quo son activitd a une vocation nationale donc
refumer tout particularisme regional. n est aid* dune #quipe d'analysten-programmeurs
et entoural d'un "groupe de conception" chareo do roidiger I* dnrument do "dofinjtion des
objectifs globaux" pula le "cahier des charges" de l'application, qui sent adresads pour avis
A tous Ion services utilisateurs potentiels et aux chefs de projet des autree applications.
Ia iaroitra rta rnnrept(nn aimpirsni A b A irrrtfll rprtientant 1es niorvires 1rri V111%

divers concern~s par le projet,et comporte obligatoirement un bon analyste attacti. A P'ap-
plication.

It - L'!MIPLANTATION GEOGRAPHIQUE D'UN RESEAU JNFORtMATtQUE PERFORMANT

L'orgsnisstion do I'entropris3 frwainels des tel~communications repose sur 1'existence do
20 regions. Des calculateurs ont 4ftt impliuiEs dana le pasad au moins dans toutes lea plus
impnrtsante. r-Introuve ainfi des mawhineg MiaU Gamm2 30 1 Lyor :t42eno doe GE 05~
h Lille, Mardeauti. TnulnunR et hMnntMellihr_ uan CFE 43'7 A MPnny. Wn (ti qb1qe' maren
DUll 300 TI A PrgirAmmeu cftlft Atatent rk~emrmnt ny tinnt znrnre en Arfrvirr ani fra
. 4jvlo~J lI..'j Noi.. Ll.&,tica Pt1a a t ltwA%.n. ... -- c yo& -st cota~I1tac~ .Li
pour l~a cornptabilit# tldphonique.
Al'avenir, silm plupart des tichiers n6cessaires aux applications dtcrites plus hatit peuvent
Otre ges en terips dfr6, Lut 4.erwjn 10asibrO d'Il~Are tuA dC.'oruaL iAd*svairtwLEitI Shre ac-
cessibles, voire mis A jour en temps rftl :parmi con dornilers le fichier commercial des
abonm~s, 1. fichier des refrseignoments, I@ fichior des circuits, le fichier technique des
abonn~e contlendront des quantitds considtrable. d'Lnformations.
L* volume total do caractbr'os A gerer en phase finale our un ordinateur ayant en charge
quoiques 500 000 obonn~s a Ott estim6 & tin milliard de caractires au mein*. Au momsg le
tiers des donnties *Cz'us Lcuatr&*%,~ pai- dlto taitttivwia via Lvttupb ztil.
Aucup des calculateurs Enum4rds plus haut no permottait d'envisager do tels traitomenta.
Lintigration progressive do toutos Ion applications suppose Ia cr~katioan d'un support commun
pour toutes los Informations, une vtritable "Banque de donjiees", r~partie our des moyens
detraitement nationaux et r~gionaux, ot qul devra roster altment~e. miss A jour en perma-
nence. A partir de Is base do l'ontroprise, c'ost-A-dire les ehantiers, los magasing. lea
guichots des services d'abonnement, les services de personnel etc.
L'atude des diftdrents fichiers A conatituer a donc permil de d~fLnir lea principales carac-
t~ristiques dui r~seau d'ordiaiateurs nouveaux A mettre en place pour abordor 1a rtsallsattan
du synttme informatit. L'obligation do faire appel A des ordinateurs de troisjiime gSiitration.
tres puissant. ot dates do volurnineuses m~moires de masse, a conduit A en r~sduire substan-
tiellatment I. nombre.
L'Implantatton de sept centres de calcul interrglonauax constituera un comprornis entre
d'une part I* d~sir do roduire le coOt (conomique de ilensenible. de laciliter la coordi~nation

& des Oquipes d'tnformatielenh; et d'autre part le refus de cr~er iles centrps trop orlportants
difficiles A g~rer et A diriger,et posant des probtlonies doti1cats die socurito. Le reg~r-mpp.
ment des treitementS relatif. A plusiours rogions s'inr chacli deC ces sept (elres I.Prrlettra
do lour donner uno saill. relativoment honiogtne. (haque Centret:,prt-ra Pir. tron ull ml.
lion diabonnes A Ia fin du Vie~me Plan.
Lauamiso Mi doti~ %iJC vegsats t a Jebuld au d~but do l'sonna ' w I or:I'n.epr M1T." i i

*Is sInmpsgniIP infernainnaiv prir intnrmonrupis 3 eve insvi~. (lle5 eir n 'leur I o
m~mo maohino '.iont dletro mice en ocvr' au, eentre 4e Ieale-ul c nIIst*vi,
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T.'nrdre de lancement it do realivation don applications fait lobjet de decisions au plus haut
niveau do Is. Direction Gmn~rale des T6l6communicationm. n West cortes pas question do

-notviru* eo otbrve Iitfew6 "o" h1ne" mals hivn aii rnnt ~irp Aob nrnroier nor" Atorip na r
paliers muccessifm. Certain,. applications, dont la rentabilitd ne pourra Oitre assurd, Mt
seront pas entreprises. Actueflement, sur trente applications qui wit pu etro globalement
d~inles. six en sent au stade de 1'exploitation. six autres se mont vua donner Is prioritd pour
leur r~alisation.
Chaque application eat confids A un "chef de projet", reaponsable succeusivement de sa
conceptioni, de son anaiyse-programmaiuts eL dw an jua is Lm uuv&uoCws UW& Ua-4&£ IV-piiu..
La g~uralisation ult~rteure do l'application rdalis6. dan& cotte r6gion-pilote depend des
rtmultato obtenus et fait 1'objet d'izne decision do 1s, Direction Generatie. Nokanmoins, It
chef do projet dolt d~a I. depart consid~rer quo son activitd a uric vocation natwonalt done
refuser tout particulariszne regional. nl eat aid& d'wio 6quipe d'analystes-progranmeoure
et entourd dun "group. de conception" eharg* do r~diger le dnrument de "d~ifinition des
objectif a globaux' puts le "cahier des charges" de Ilapplication, qui sont &dresses pour avis
46 tous lax services utilisateurs potentials at aux chefs de projet des autres applications.

divers' concernis par le projet,et comporte otbligatoirerrnent wi bon arialyste attach(- A l'ap-
PlIcation.

11 - L'IMPL.ANTATION GEOGRAPHIQLIE D'UN RESEAU INFORMATIQUE PERFORMANT

L'organisation do l'entreprise frangaiue des telecommunications repose our lexistence do
30 region@. Des calculateurs ont 0t6 implant~s dans I* pass# au moins dans toutes lea plus

imv~~aOn. troll-ke 111191 doe1 machires B1u11 Gaymumvr 30 A Ly'm. -:4!2rgeill.. des GE !25
A Lille, Hardenuic Tnulmine Pt Mnntnellifir tn rlF. 437 A kMaaay. antin niilaflrjwa morhinp%
Bull 300 T1 A programmes cAblits Atatent rscommnent nu annt oerr en nervirrA don$ lob^

1 1 . .. %. %. I ..

pour I& comptabilitt t~l~phonique.
A I laveair, si Is pluport dos fichiere n~cesalares aux appflcations dftritee plus haut peuvent
#tis g~r~ on teowps diIfWr, ui cetrtain ialaba' d'Caata* *ux tlevsuat i&%t*woaiazisuL Sire ac-
cessibles. voir* mis & jour en tamps reel :parmi corn derniers le fichier commercial des
abonnts. le fichier dos rsusesignoments. Is tichier des circuits, le tichier technique des
&bonne* contlendront des quantit~s considdrables d' information.
L* volume total do caractbx's. A g~rer en phame finale our un ordinateur ayant en charge
quoiquom 500 000 &bonne@ a et* estirnE A un milliard de caractLres au moins. Au mnoiuim le
tiers des donnAes O4 sjai, uwaa*raa4e par olta LaailAmua it on ump. r-lwl.
Aucwi des calculateurs inum~rds plug haut ne permottait dlenvisager de tel. traitements.
L'integration progressive do toutes lea applications suppose la crkation d'un support commuri
pour tout@@ I&@ i~normiations, une veritable "Banque de donnes". r~partie our des moyenm
detraitement nationaux et r~gionaux, at qui dsvra rester aliment~e, miss A jour on perma-
nonce, A partir do Ia base do Pentreprise, c'est-h-dire les chantiers. lea magasinh. leg
guichot. des services d'abonnemerit. Its services do personnel etc.
L'ttude des diffdrents fichiers A constituer a done permis de d~finir les principales carac-
teristiques du r~seau d'ordinateurs nouveaux 4 mettre en place pour aborder la r~alisation
du a)'stbme informatif. L'obligation do faire appel A des ordinateurs de troisiieme gonoration.
tr~s puissaxits at dotes de volumineuses m~moires de masse, a conduit A en r~duire substari-
tiellernent It nombre.
L'implantation do sept contres de calcul interrgionaux constituera un cwnipromlis entre
d'une part I* ddsir do rtiduir. 1. coot 6conomique de 1'ensemble, do faciliter la ooord~.nation
des Oquip.. d' nformaticiens; et d'autre part It refus de croer des oentets trop 1.nportantsi
diffiies A gerer et A diriger,et posazn des probl~nies d~lleatsa de 26curite'. Le regroupe-
went des tz-aitemients relatits A plusiours r~gions hair chaeun de ces sept cent res permettra
do lour donner une taille relativement homogene. Chaque cetitre -,1rr.t'' en,. ron Lin :w~-
lion dabonnes a I& fin du VIe~me Plan.
Lis swoo *n ipgavt* Jo ;Cs *aa&* a 'Jtbutt au debut de Vi"nne-e '17 1 un orI'inwetir IMr, T 4* Ia
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L'ordtede lancement et do ritalistion des applicatlons fait 11objet dedddfain..L$A11LbA-aut
niveau do I& Direction G~ndralo des T4l4com inunicat ionis. Li West certes pas question de
conatruireconvtkmo intkirrAe "ea blac"_ ialpjioe st een~~~ AP0 n'4ii~w.r e'tenots -

paliers auccesifa. Certatnes applications. dont la rentabilitd ne pourra Wge assur~e, mv
seront pas entrepriaes. Actueliement, sur trente applications qui ont pu etre globalement
dolfiti@. slxen sont au atade do 1'oxploilatiofl. six autres se sont vua donner I& prtorit~s pour
lour r~allsation.
Chaque application eat cont i~ A uI "~chef de projet", responsable *ucceusivement de os,
concwption. do son analye-programM lDjiCi it a jiimw cit v~v&jctii Uwie u itivUjuJ-Pilum.

La gndralinatian ult~rieure do lapplicationf realtsft dans cottv rdgion-pilote d6pend des
r~suttats obtenue et fait l'objot d'un. dicision de la Direction G~nerale. Nearamoins. It
chef do projet dolt dis le d~part consid~rer quo son activit# a une vocation natiwiale done
retusar tout particularisme r~tgional. U eat aid# d'une equipe of analystea -program meurs
ot entourd dun "group. do concientinn'l-rhargA de r~dlesr Is document de "dfiition des
objectifi globaux" puis Ie 'calhier des charges" de l'application, qui sont adressE' pour avis
A tous lea services utilisateurs potentiels ot aux chefs de projet des autres applications.
Le groupe de conception comprend..b.3 LO- 10 ~ ez~csli l

divers concernts par le projet,et comporte obligatoirement ian bork analyste attach(e & lajp-
plicat ion.

11 - L'!IPLANTATION GEOGRAPHIQUE D'UI'I RESEAU L£NFORMATIQUE PERFORMANT

L'arganisation do l'.ntreprise fraiiao des telf.communicationh repose sur Ilexistence do
20 rtgions. Des calculateurs wit Mt implant~s does le pass# au moims done toutes lee plus
importantos. On trouve ainatdasieBmz,.&Lr. i~ei~, ~ 1.
& LIU*., Bnritessaxffnlmixr Pt %Tnntpelller, sin ;F~ 437 A Mapimy. Pnftn ,elaaopia Mar-htrap
Bull 300 TI A programmes cAblds Etaient r~tcemment ou sont end-nrp en oterip dinfle is~s

rEgItwdw Naney. X'.~ C -VTWI W9- -* VAA ,~U4 06 FO f-4 VSS4 4~4A

pour Is, comptabiliti tildphonique.
A Ilaveniw. ai I& pluport des tichiers necessalres aux applications d~critea plus haut peuvent
otre gereson temps diff~r#, umr-certiin nosibre dieatr* *uA tievruaaL ei*~azzaate av-
cesstbleo, voir* mix A jour en temnps r~el :pormi coo derniers le tiehler commercial des
aboumos, le fichier des rarwueignements, Is tichier des circuits, le fichier technique des
abon'Ee contiendront des quantit~s consid~rables d informations.
L* volume total de caractbr'es A g~rer en phase finale our un ordinateur ayant en charge
quclquos 500 000 abonnts a Mt eatimt A tan mlliard de caract#%res au mains. Au maui.x le
tiers des donnos serant concerndes par des iraitmnvfb Vol iwipe a-dui.
Aucun do* calculateurs dnumdr~s plus haut no permottait d'envisager do ie traitements.
L'int~gration progressive do toutes lea applicatonsf suppose Is crt-stion dun support comniun
pour toutes lee Lformstions, uone v~ritable "Banique de donn-ees", ropartie liar des moyens
do traitement nationaux et r~gionaux, et qul devra roster aliment~se. mis. A jour on perma-
nence, A pertir do Ia base do l'mntreprlso, clost-h-dire lea chaantieru. lea magasins. les
guichots doe services d'abonnement, lee services de persannel etc.
L'Etudo des diffdronts fichiers A constituer a done permis do ddfinir lea principales carac-
tdriatiquos du rthaeau d'ordinateurs nouveaux ak rettre en place pour &border la r~alisation
du symtc~me informatit. L'obligatian do faire appel a des ordinateurs de troisiime gon6ration.
tr~s puissantsot dotfs de volumineusps momoires de masse, a conduit A en roduire substar-
tiollernent I* nombre.
L'implantation do sept centres do calcul interr~gionaux constituera un conipromis entre
dune part Is d~sir do rduire Is codt 6conomique de I'ensernble, de Iaciliter la coordination
des Oquipes dlinformaticiens; Pt d'autre part le refu* Je cr~er des centres tr-op Ov-portaints
diffit~les A gorer Pt A diriger,et posant des problonies doslicats de 90.curito. Le regrollp.
ment des traitements relatifs A plusiourg r~gions sur chacuti de ces sept centres permettra
do leur donner une taille relativement homogene. Chaque centre -S *rpra" environ uninl
lion d'ahonnoto Ala& fin du Vl~me Plan.
La miss on place do .** ourrsita ~eebut# au d~but do l'annoe : ",1 un ord~natelir IRTS (isd
Is Cornpagnie lfltwefatimaii r eta*l ~5'
mime machine det--R-g,~ta _1111.lk d .- LA

Figure 7-8 Normal Decode/Previous Line (3.85 li/mm)

Photo n* 1 ~(u~4z. .. , . - 7-14
Restitution photo nO 9



-34-

L'ordro de lancoment et do rfalloation de aDolcations fait l'obtet do d~cisions au plus haut
nIVOSU do Is. Direction Genorale dos T~itcommrnications. U West certes pas question ae
construire ce, myattre int~gr6 "en bloc" maim bion au contraire de Oroc6der par #tape$, par
paliorn rnin'*xafa. Caeutainen applications, dant la rentahilitoA no pourra Stre ammurde. ne
seront pas entreprises. Actueflement, our trente applications qui ant pu etre globalement
d~finleo, six en sont au stade do l'exploitation, six autres so mont vua donoer Ia prioritd pour
lour rialisatlon.
Chaque application eat confl~e A n "chef do projet", responsible succesaLvement de ma

-......... 4zr da -. -az**

Lagfntlsation ultdrioure do lapplication r6.Iim~a doe cette rdgion-piloteede6pend des
roustca Waauswt* iair i-obje d'st diiasAs #;w Ls wDieulAi 'Orrasua. 4Niiawwaui&, !
chef do projet dolt dbs I. d~part considdrer quo son activitd a tine vocation nationals done
refusor tout particulariame regional. 12 sat aidE dune dquip. d'analyatem-programmeurs
oft ontnr d',m "gpvra~m p do nnrupntinn" charud do r~direr 16 document de "d6finition des
objoctifs globaux" Pula 1. "cahier des charges" do lapplication, qui mont adress~s pour avis

Le groups do conception comprend 6 A 10 personate repr~sentant lee services lea plus
divers concern#* par Is projet,et comports obligatoirement wi boo analysts attach6 & l'ap-
plication.

IU - L'IMPLANTATION GEOGRAPHIQUE D'UN RESEAU WNFORMATIQUE PERFORMAXIT

V .'npgansfitnn do l'.witronriap frang'aino don fis1Arnminmni~.tnne ,.onnep st, 1 'ovistonra Ao
20 rtgions. Des calculateurs ont #t4 implantes done Ie pass# au mom~s dazn$ toutes lea plus
iniportantes. On trouve ainsi des machines Bull Gamma 30 1 Lyon et Marseille, des GE 425A Lille, Bordeaux, Toulouse ot Montpellier, un GE 437 A Massy, *nfi quoiques machines
Bull 300 TI A programmes cAblds italent r~comment ou sont encore en service done lea
r~gions do Nancy. Nantes. Limoges, Poitiers ot Rouen . ce parc eat easentieUement utiliS6
pour Is comptabilite tphouiique.
Alaevonir. sile plupart des fichiers ndceasalres aux applications dtcrites plus haut peuvent
*tre g~r6a on temps difftr#, n certain nombre d'entr* eux devront n~fcessairement etre ac -cessibles, voire mis A jour en temps r~el : parmi coo derniers Ie fichier commercial des
abonnts, I* fichier des reaseignemeots, 1. fichier don circuits, Ie fichier technique des
abofnE. contiondront dos quouttit~o considerables d'informations.
L& vrun tn-tal U~ -irw.tJ%6L A -Ariar -. ~ *.h..aj Xii ,* ,,, ..,.a,10 ,,Oka ;nnlf AAAU' Atmd, - u ... 4., a .. n .y1I1l-prl i. I...- &..

Aucun des calculateura dnumer~s plus haut no pormettait dlenvisager de teis traitements.
Lmnt~grauon progressiveotouttes lea applications suppose Ia cr~ation d'lun support commun
pour toutes Lea intormations, une veritable iftanque do donnees-. repartie sur aes moyens
de traitoment nationaux et r~gionaux, et qui devra rester aliment~e, miss A jour en permna-
nence. A partir do Ia bass do lentreprise, c'est-A-dire lea chantiera, lea magasins. los
guichets des services d'abonnement, lee services do personnel etc.
Litude des diff~rents fichiers A conatituer a done porrnis de d~finir lea principales carac-

tiellement Is nombre.
L'lmplantation do sept centres do calcul interr~gionaux constituera un compromis entredunte prt e aesir do reduire is cout economiqu* do i-ensemnie, at iaciaier ia coordinatxon
des Equip.. dlinformaticiens; et d'autre part It refus do cr~er des centres trop 11mportants
difficiles A g~rer et A dirigeret posant des problimes dOlicats de sfcurite . Le regroupe..mont des traltements relvAtlts A nlusloire rOelnnQ qlr f-an rP (-PQ cont r'npn q na-f"
do louar donner une taille telatlvement homogene. Cheque centre ',4trera' environ un m.1-
lion daboonn~ A Is fin du Viking Plan.
La miss en place do coo centres a d~butO au d~but do l'auae !97 un ordinateur IRIlS 50 doas t.ompagnie internationaie pour Arflorrnalique a ete lflStaLIC a i cuiouse en :("'Tier : aMOM* machine vient d'Stre miss en service au rentre do calcul intorrogional do Bordeaux.

Figuze 7-9 Previous Line White (7.7 1i/mrr,,R=6)

Photo nO 1I Document tr~s dense lettre 1, 5imm de haut
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T'ordrede lancemen* at de realleatlon dC3 aolicatlona fait l'oblet de decvuions au plus haut
niveau de I& Direction General* des T 4l6com-municat ion a. 11 .n'e'st certes pas question do
Pnnetridre* a* wdathbmo jflth@? "Pn h1ne" m a i hien aii rn, t-rire el nrnc- AdI. Pr nar Atarwx nar

paliera aucces .sifu. Certalnes applications. dant la rentabilit6 ne polirra eitre assurE., i

seront pas entreprisee. Actuellemont. sur trente applications qui dint Pu Atre globalenhent
d~finies. six en sont au stade de Ilexploitatiofl. six autres se sorit vu donner la prioritEs pour
leur rtslisation.
Cheque application eat confiE~e A un "chef de projet". responsa~bhe successivement de a&
conception. de can analyse -program maiia i tde 6a~ isaist enl ioutvre Jwis wO r~icn-plote.
La g~n~ralisation ultdrioure do l'application r~aliuft dans cette r~gion-pilote dopend des
rdsultata obtenus det fait l1objet dune decision de la Direction Ctnerale. N6arimoins, le
chef do projet dolt d~s I@ depart consid~rer quo son activitd a une vocation nationale done
refuser tout particularisme regional. n1 eat aid# d'wio equipe d'axlalysteai-programmours
et *ntourd d'un "groups do conception" charge do r~diger le document de "d~finition des
0oJUCtuu giiaUX- puis te "carner oua avioe uc & tApw,mAu1&, 4.4 Uk ftUIL I ht JVU& U

A tous lea services utilisateurs potentiels et aux chefs do projet des autree applications.
Le groupe do conception comprond 6 A 10 personnes repr~sentant lea services les plus
aivers concernes par le projet,et comporte obiigatoiremeni un bon analywie aiiach ii Vap.
plication.

11 - L'ITNPLA14TATION GEOGRAPHIQUE D'UJN RESEAU INFORMATIQUE PEFIFORMANT

L'organisation do l'entreprise trangaise des telecommunications repose Sur l'existence de
20 regions. Dee calculateurs ont eE implantds dana le passe au moins dans toutes lea plus

.. r;ci f..ta -. A.-h Ieca S~u"" Ca=:=&.. IA.4 t.. .4A U==i.. dca. Cfr' 44.."

h Lille. Bordeaux, Toulouse et Montpellier, un GE 437 A Massy, enfin queiques machines
Bull 300 T1 il prwgramzn** uAblks dtaiwii rdcwmment ou sont encore en service dans Les

pour I& comptabilitE teliphonique.
A llavenir. al l& pluport des fichiers necessaires aux applications d~crites plus haut peuvent
Otro o~riu pntpnno A4Iffifr6 isn eprfa~n ,imhroh APpntts aiv rAairvnnt n~AuAcesii'ament Aty. sr.

ceseibles, voire mis & )our on temp. reel :parmi cen derniers le fichier commercial des
abonnts, Ie fichier des rameuognements. le fichier des circuits, 1e fichier technique des
abonn~s contiendront des quantitts considdrables d'informations.
Le volume total do caract6zA* A gtrer en phase finale stir un ordinateur ayant en charge
qulqwzos 500 000 &bonne$ a dt* estim6 A tin milliard de caract~res au mains. Au moins le
tiers des doandem sront concernfts par des traitements an temps r~el
Anoint des calcuLteurs 6num~rds plus haut no permettait dlenvisagor de taes traxtemonts.
Lint~gration progressive do toutes lea applications suppose Is cr~kation d 'un support cornmun
pour toutem I@@ informations. une veritable "Banque do donines". rtpartie sur des moyens
do traitement nationaux et r~gionaux, at qut dovra roster aliment"e, mise A jour on perma-
noence, A partir do IS base do llentreprise, clest-&-dlre lea chantlers, leg magasins. leg
guichet. des services dabonnenient, lee services de personnel etc.
L'Etudo des diftdrents fichiers A constituor a done permis de d~finir lea principales carac-
tdristiques du rdseau d'ordinateurs nouveaux A mnettre orn place pour aborder Is r~slisation
du systeme informnatit. L'obligation do faire appol A des ordinateurs do troisit-me g~n~ration,
tres puissantst dottsdo vlumineuses memoires do masse, a conduit A en r06duire substhan-
tielloment IS nombro.
L'Implantation de Sept centrtv do calcul interr~sgionaux constitudera un cornpromis entre
d'une part IS ddsir do r~duire Is coOt 64conomique do 1'ensemble. de faciliter I& coordination
des aquipem dlinformatictens; et d'autre part le refus do cror des centres trop importants
diffieiles & g~rer et A diriger,et posant des problimos d~licats do s64vurlt4. Lc regroupe.
mont do$ traltements relatlfs & plusiours regions sur chacun de ces sept centres permettra
do lour daner uno tiles relativoment homogene. Chaque centre "gcrera" environ un mil.-
lion1 dabonnfefl 4 Is fin du Vilme Plan,
La mise on place de coo contras a dosbutE au d~but de l'annae ,971I un ordinateur IRIS 10 do

Figure 7-10 Previous Line White (3.85 li,'Mrn,R=3)

Photo no I . Document trts dense lettre 1, 5mm de haut -7-16
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